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57 ABSTRACT

A method and device of controlling an industrial process.
The method includes the steps of monitoring a plurality of
values of at least one physical property of the industrial
process to be controlled and determining whether the respec-
tive value of the at least one physical parameter deviates
from a nominal value. Further, the method includes the step
of displaying on a display screen, in chronological order,
current state of the at least one physical property over time,
which current state reflects the deviation of the respective
value from the nominal value. Finally, the method includes
the steps of providing on the display screen, when a user
selects one of the current states, detailed information per-
taining to the selected state and controlling the industrial
process on the basis of the detailed information.

14 Claims, 5 Drawing Sheets
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ALARM VISUALIZATION

FIELD OF THE INVENTION

The present invention relates to a method and device of
controlling an industrial process.

BACKGROUND OF THE INVENTION

On the market today, there are a number of automation
systems where industrial process monitoring is facilitated.
Thus, with these automation systems, an operator is typi-
cally given a detailed overview of the monitored industrial
process via a user interface.

Generally in prior art automation systems, there is no
support to visualize historical alarms based on selected
process sections that are of interest, and use this visualiza-
tion for further analysis of alarm information, for instance
how often and alarm occurs, which alarms happen most
frequently, etc.

In prior art automation systems, alarms are documented in
long lists which do not provide operators with the flexibility
of choosing process sections or equipment of interest, or
give an intuitive overview status of historical alarms in
terms of frequency, identification of problem areas in the
control process, etc.

Japanese patent application having publication number JP
2008-20984 discloses a device for displaying information
relating to alarms occurring in a plant in real time in a
time-sequential order. In JP 2008-20984, it can be seen that
the alarms are documented in long lists as is described
hereinabove.

U.S. Pat. No. 5,167,010 discloses a display processing
system that provides expert advice. The expert system 16
has a graphic display that indicates to the user a range 64 in
which an actual value 62 of a parameter should be kept for
safe or efficient operation of the process being monitored.
The operator adjusts control points to keep the actual value
indicator 62 within the range 64. As the process being
monitored moves toward an out-of-normal state, an alarm
management system 18 reinforces the graphic advice with
general and then more detailed alarm messages that are
displayed in priority order in goal and process message slots
114-122. Recommendations, in the form of an action script,
for particular actions, based on expert system action indi-
cations, are also presented as the system state becomes more
unacceptable. The invention also displays an historical per-
spective of the process parameters being monitored and,
through a prediction module 20, provides a prediction of the
future state of the process and process parameters. The alarm
management system 18 compares the prediction with fixed
position threshold as well as the range to produce event
prediction messages. The expert advice displays are
arranged in a functional hierarchy that can be traversed by
the operator for advice at various levels of detail where
lower levels provide a natural explanation of higher levels.

SUMMARY OF THE INVENTION

An object of the present invention is to solve or at least
mitigate these problems in the prior art.

In a first aspect of the invention, this object is attained by
a method of controlling an industrial process, which com-
prises the steps of monitoring a plurality of values of at least
one physical property of the industrial process to be con-
trolled and determining whether the respective value of the
at least one physical parameter deviates from a nominal
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value. Further, the method comprises the step of displaying
on a display screen, in chronological order, current state of
the at least one physical property over time, which current
state reflects the deviation of the respective value from the
nominal value. Finally, the method comprises the steps of
providing on the display screen, when a user selects one of
the current states, detailed information pertaining to the
selected state and controlling the industrial process on the
basis of the detailed information.

In a second aspect of the invention, this object is attained
by a device for controlling an industrial process, which
device comprises a display and a processing unit. The
processing unit is arranged to monitor a plurality of values
of at least one physical property of the industrial process to
be controlled, and to determine whether the respective value
of said at least one physical parameter deviates from a
nominal value. The display is arranged to display, in chrono-
logical order, current state of the at least one physical
property over time, which current state reflects the deviation
of the respective value from the nominal value, and to
provide, when a user selects one of the current states,
detailed information pertaining to the selected state. Further,
the processing unit is arranged to control the industrial
process on the basis of the detailed information.

Thus, the present invention is advantageous in that his-
torical alarm visualization is provided for analysis based on
selected process sections or equipment of interest. The
analysis is done based on aggregated and detailed alarm
information. The operator or control engineer can choose
from the display the process sections or equipment that
he/she wants to focus on. The corresponding alarms that
have occurred in the selected section or equipment will be
shown in chronological order, i.e. along a timeline. The
detailed alarm information is presented depending on the
operator selection.

Once the operator or control engineer selects an area in
order to have a closer look at the alarms, a summary report
will be automatically generated with detailed alarm infor-
mation. The operator can as a result quickly obtain an
overview of the process and identify hot spots in the control
process over time, and control the industrial process on the
basis of this information.

In an embodiment of the present invention, the step of
displaying current state of the at least one physical property
on a display screen further comprises the step of indicating
degree of deviation of the respective value from the nominal
value. Thus, the severity of the current state of the physical
property is displayed, which implies that alarms presented
on the display screen are given a particular appearance
depending on their particular classification. It should be
noted that the degree of deviation could be indicated in many
different ways; for instance, a minor alarm could be indi-
cated in yellow, while a major alarm is indicated in red.
Another way of classifying alarms would be to indicate
minor alarms by means of a striped pattern while major
alarms could be indicated by means of a chequered pattern.

In a further embodiment of the present invention, the step
of providing detailed information pertaining to a selected
state on the display screen further comprises the step of
providing information on how to control the industrial
process such that the respective value returns to its nominal
value. In still a further embodiment of the present invention,
this is attained by including in the information which of the
components of the industrial process should be controlled
and which control signals should be applied to the respective
component for the respective value to return to its nominal
value. This is advantageous in that hands-on information on
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how to control the industrial process such that the respective
value returns to its nominal value is provided.

The invention has mainly been described above with
reference to a few embodiments. However, as is readily
appreciated by a person skilled in the art, other embodiments
than the ones disclosed above are equally possible within the
scope of the invention, as defined by the appended patent
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention and advantages
thereof will now be described by way of non-limiting
examples, with reference to the accompanying drawings,
where:

FIG. 1 illustrates an industrial process to be monitored,

FIG. 2 illustrates an embodiment of the method according
to the present invention,

FIG. 3 illustrates an alarm indicator according to an
embodiment of the present invention,

FIG. 4 illustrates alarm indicators according to a further
embodiment of the present invention, and

FIG. 5 illustrates a work station of an industrial process
operator according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

The invention will now be described more fully herein-
after with reference to the accompanying drawings, in which
certain embodiments of the invention are shown. This inven-
tion may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set
forth herein; rather, these embodiments are provided by way
of example so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention
to those skilled in the art. Like numbers refer to like
elements throughout the description.

FIG. 1 illustrates an industrial process 100 to be moni-
tored in accordance with an embodiment of the invention.
This industrial process is exemplified in the form of a pipe
101 leading liquid, for instance gasoline, to a valve 102. The
valve determines how much if any of the gasoline should be
delivered to a tank 103 via the pipe 101. In this particular
example, the level of gasoline in the tank is 10 units. From
the tank, the gasoline is supplied to a motor 104. It should
be noted that this example is greatly exemplified and in
real-life, an industrial process to be monitored is typically
considerably more complex.

Now, to be able to monitor the industrial process 100, the
components of the process are connected to a respective
measuring device 105, 106, 107 for collecting measurement
data from the industrial process. This could possibly be
performed by using OPC Unified Architecture (OPC UA),
which is a platform independent protocol which specifies
how to exchange data between different systems, software
applications and hardware devices. OPC UA enables
exchange of data between software applications indepen-
dently of the application’s vendor, supported operating
system, and used programming language. In that case, the
measuring devices 105, 106, 107 would be implemented in
the form of OPC servers. In case the components 102, 103,
104 permit external control, OPC data to control the com-
ponents can be sent to the respective OPC server. For
instance, OPC server 105 may collect data relating to flow
of gasoline through the valve 102, but may also allow
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control of the flow through the valve by means of using OPC
data for the control such that the level of gasoline in the tank
103 can be regulated. In this particular example, the tank 103
is a relatively passive process component, which does not
offer any property control, but which delivers data pertaining
to the gasoline level to the OPC server 106. Finally, the OPC
server 107 collects data from the motor 104 regarding motor
speed. Further, the motor speed can be regulated by the OPC
server 107 when appropriate OPC data is supplied.

The OPC servers are typically connected to a bus 108 for
delivering measured process data to, and receiving process
control data from, an operator work station 109.

In order for an operator to be able to monitor the industrial
process at his or her work station 109, a graphical repre-
sentation of the industrial process must be provided. This
graphical representation would typically look very similar to
the industrial process 100 as it is depicted in FIG. 1.

Further, it would be highly desirable to provide the
operator with adequate information pertaining to alarms of
the industrial process such that the operator quickly can act
on the alarms and control the industrial process to overcome
abnormal and potentially hazardous situations or even pre-
venting them from occurring.

In an embodiment of a method of the present invention
illustrated with reference to FIG. 2, this is undertaken by
means of first, in step S210, monitoring a plurality of values
of at least one physical property of the industrial process to
be controlled. For instance, the monitored property could be
the level of gasoline in the tank 103 of FIG. 1. The level of
gasoline is repeatedly measured and in step S211, it is
determined whether the respective value of the level of
gasoline deviates from a nominal value. Assuming that a
nominal value of the gasoline level is 10 and any value
differing from the nominal value with +2 units is considered
to deviate, any gasoline level value above 12 and below 8
would render an alarm. In step S212, current state of the
monitored values of the physical property is displayed to a
process operator. Hence, for the repeatedly monitored gaso-
line levels, their current state is displayed to the operator,
and as long as the level is above 12 or below 8, an alarm state
is displayed. The level of gasoline in tank 103 could be
affected by inherent inertia in the system and be adjusted
without operator interference within short from an alarm
indication, but it could also be that an action must be taken
by the operator in order to remedy an error or resolve an
abnormal situation in the industrial process. Thus, the alarms
are presented to the operator in chronological order on the
display screen, and when the operator indicates one or more
of the alarms (i.e. the current states of the monitored
physical property) in step S213, detailed information per-
taining to the indicated alarm(s) is displayed on the screen
in step 214. Finally, in step S215, the operator controls the
industrial process on the basis of the detailed information. In
this particular example, the detailed alarm information may
e.g. instruct an operator to control the valve 102 via OPC
server 105 such that the level of gasoline in tank 103 rises
i.e. returns to its nominal value.

In an embodiment of the present invention, the detailed
alarm information provides hands-on information on how to
control the industrial process such that the respective value
returns to its nominal value. For instance, the detailed
information may be arranged in such a manner that the
operator is instructed to change the flow of valve to, say, a
flow of 10 liters of gasoline per hour, whereby the operator
swiftly sends a command to OPC server 105 to effect this
instruction.
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FIG. 3 illustrates a further embodiment of the invention.
Again, a plurality of values of a physical property (in the
form of e.g. gasoline level in tank 103 of FIG. 1) of the
industrial process to be controlled is monitored. It is then
determined for each monitored value whether it deviates
from a nominal value. Again, any value deviating from the
nominal value with #2 units is considered to warrant an
alarm. However, in this particular embodiment a first,
smaller deviation would render a minor alarm, while a
second, greater deviation would render a major alarm. For
instance, a value deviating from the nominal value with, say,
+7 units would render a major alarm since there is a risk that
the tank 103 of FIG. 1 either will overflow or be emptied in
case such a deviation occurs. Hence, for the repeatedly
monitored gasoline levels, their current state is displayed to
the operator in chronological order over time, and as long as
the level is above 12 or below 8, the current state is realized
in the form of a displayed minor alarm. This is illustrated in
FIG. 3 at times 10, 30 and 60 where three striped boxes
indicates three minor alarms. At time 70, a major alarm
occurs which is illustrated by a chequered box. Thus, degree
of deviation of the current state from the nominal state is
indicated on the display. It should be noted that the degree
of deviation could be indicated in many different ways; for
instance, a minor alarm could be indicated in yellow, while
a major alarm is indicated in red. In order to resolve the
situation that has arisen, the operator indicates one or more
alarms and detailed information pertaining to the indicated
alarm(s) is displayed on the screen. Finally, the operator
controls the industrial process on the basis of the detailed
information.

In many industrial processes, it is important that an alarm
is reported in real-time, i.e. it should be reported as soon as
it occurs as it may be necessary for an operator to act
immediately on an alarm. Thus, the physical properties are
monitored in real-time and their current state is displayed to
the operator on-the-fly.

With reference to FIG. 4, a snapshot of a display screen
showing a plurality of alarms is illustrated. In FIG. 4, the top
alarm indicator denoted with 302 relates to valve 102 in FIG.
1, while middle alarm indicator 303 relates to tank 103 and
bottom alarm indicator 304 relates to motor 104. It should
further be noted that not only different equipment relating to
a same section of the industrial process could be displayed
as is the case hereinabove, but it is also envisaged that
different sections of the industrial process could be dis-
played. For instance, one alarm indicator could relate to a
paper pulp device, while a second indicator could relate to
a rolling machine and a third indicator could be associated
with a drying plant.

Again, a plurality of values of a physical property of the
industrial process to be controlled is monitored. In this
particular embodiment, the physical properties monitored
are the flow through valve 102, the gasoline level in tank 103
and the speed of motor 104 of FIG. 1. For each value of the
respective physical property, it is determined whether a
deviation from a nominal value exists. Then, current state of
the respective physical property over time with respect to its
nominal value is displayed in chronological order. Thus, in
the snapshot shown in FIG. 4, the top alarm indicator 302
related to the valve indicates one major alarm, while the
middle alarm indicator 303 associated with the tank displays
two minor alarms and the bottom alarm indicator 304
pertaining to the motor displays three minor alarms and one
major alarm.

In the particular embodiment shown in FIG. 4, the opera-
tor indicates alarms of all three devices (enclosed by the
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6
dashed marker box), roughly between times 55-95. The
resulting detailed alarm information has the following exem-
plifying appearance:

Alarms Description Time  Occurrence Status Action
TB318 Valve2 78 1 Major Close
PA510  Tankl 59 1 Minor No action
PA510  Tankl 75 2 Minor No action
CD32  Motor4d3 58 3 Minor Slow down
CD32  Motor4d3 67 4 Major Stop

Hence, for the valve, a major alarm occurs at t=78 and the
operator is instructed to closes the valve. The operator acts
on this information and commands OPC server 105 of FIG.
1 to close the valve 102. This appears to resolve the
situation, since alarm TB318 does not reoccur.

For the tank, a minor alarm occurs at t=59 and the
operator is instructed to take no action. The same alarm
occurs at t=75 and again, the operator is instructed to take no
action. The alarm PA510 does not reoccur.

For the motor, a minor alarm occurs at t=58. Although still
a minor alarm, the operator is instructed to slow the motor
down. The operator acts on this information and commands
OPC server 107 of FIG. 1 to slow the motor 104 down. At
=67, the alarm CD32 occurs again, this time being consid-
ered major. The operator is instructed to shut the motor
down.

It should be noted that for the motor, minor alarms occur
at both t=10 and t=31. However, these are not indicated by
the operator by means of the dashed marker box, so no
detailed information is given. Nevertheless, the first alarm of
type CD32 in the list above is indicated to occur for the third
time. Hence, in terms of alarm frequency, it is still possible
that previously occurring alarms are accounted for even
though these previously occurring alarms are not indicated
by the operator.

Thus, in order to resolve the abnormalities in the indus-
trial process, the operator indicates the plurality of alarms
and detailed information pertaining to the indicated alarms
is displayed on the screen. Finally, the operator controls the
industrial process on the basis of the detailed information.

FIG. 5 illustrates a work station of an industrial process
operator. The work station 109 of FIG. 1 is realized by
means of a computer screen or monitor 110 at which the
operator typically is located when supervising the industrial
process 100 of FIG. 1, and a processing unit 113, e.g. a
general or special purpose computer. The computer typically
comprises a processor arranged to execute program code
downloaded to a memory associated with the processor. In
an embodiment of the present invention, the processor is
arranged to carry out at least parts of the steps of the method
according to the present invention when appropriate pro-
gram code is downloaded to the memory and executed by
the processor. Thus, the program code comprises computer-
executable components for causing the computer 113 to
perform at least parts of the steps of the method according
to the present invention when the computer-executable
components are run on the processor included in the com-
puter. The processing unit may alternatively be embodied in
the form of an application specific integrated circuit (ASIC),
a field-programmable gate array (FPGA), a complex pro-
grammable logic device (CPLD), etc. It is envisaged that the
work station 109 of FIG. 1 even could be embodied in the
form of a mobile phone, via which an industrial process is
monitored and controlled.
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On the computer screen 110 of the work station, a set of
graphical objects 114 representing the physical components
of the monitored industrial process is displayed. The gen-
eration of such graphical objects is outside the scope of the
present invention. The alarm indicators illustrated in FIG. 3
is denoted 111. When the operator indicates on the computer
screen a section of alarms for which detailed information is
required, the detailed information comprises in the alarm
table described hereinabove is shown at 112. In order to
resolve the abnormalities occurring in the industrial process,
which results in the alarms, the operator controls the indus-
trial process on the basis of the detailed information by
means of submitting instructions to the processing unit 113
which communicates accordingly with the industrial pro-
cess. For instance, with reference made to the alarm table
shown in the above, a minor alarm occurs at t=58 and the
operator is instructed to slow the motor down. Thus, the
operator may enter a new motor speed value via a work
station keyboard and the processing unit passes the new
value on the motor in the monitored industrial process such
that the motor is slowed down. In practice, the processing
unit 113 will instruct OPC server 107 of FIG. 1 to slow the
motor 104 down.

The skilled person in the art realizes that the present
invention by no means is limited to the examples described
hereinabove. On the contrary, many modifications and varia-
tions are possible within the scope of the appended claims.

What is claimed is:

1. A method of controlling an industrial process, com-
prising the steps of:

monitoring, with one or more measuring devices, a plu-

rality of values of at least one physical property of the
industrial process to be controlled;

determining, with a processing unit, whether the respec-

tive value of said at least one physical property deviates
from a nominal value;

displaying on a display screen, in chronological order,

current state of the at least one physical property over
time, which current state reflects the deviation of the
respective value from the nominal value;

providing on the display screen, when a user selects one

of the current states, detailed information pertaining to
the selected state; and

controlling, with the processing unit, the industrial pro-

cess on the basis of the detailed information.

2. The method according to claim 1, wherein the current
state of said at least one physical property is an alarm.

3. The method according to claim 1, wherein the step of
displaying current state of the at least one physical property
on a display screen further comprises the step of:

indicating degree of deviation of said respective value

from the nominal value.

4. The method according to claim 1, wherein the step of
providing detailed information pertaining to a selected state
on the display screen further comprises the step of:

providing information on how to control the industrial

process such that the respective value returns to its
nominal value.

5. The method according to claim 4, wherein the provision
of information on how to control the industrial process such
that the respective value returns to its nominal value com-
prises information on which of the components of the
industrial process should be controlled and which control
signals should be applied to the respective component for
said respective value to return to its nominal value.
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6. The method according to claim 1, wherein the step of
providing detailed information pertaining to a selected state
on the display screen further comprises the step of:

providing information regarding historical occurrence of

the selected state.

7. A device for controlling an industrial process, compris-
ing:

a display; and

a processing unit;

said processing unit being arranged to monitor a plurality

of values of at least one physical property of the
industrial process to be controlled, and to determine
whether the respective value of said at least one physi-
cal property deviates from a nominal value;

said display being arranged to display, in chronological

order, current state of the at least one physical property
over time, which current state reflects the deviation of
the respective value from the nominal value, and to
provide, when a user selects one of the current states,
detailed information pertaining to the selected state;
and

said processing unit further being arranged to control the

industrial process on the basis of the detailed informa-
tion.

8. The device according to claim 7, wherein the current
state of said at least one physical property is an alarm.

9. The device according to claim 7, wherein the display
further is arranged to:

indicate degree of deviation of said respective value from

the nominal value.

10. The device according to claim 7, wherein the display
further is arranged to:

provide information on how to control the industrial

process such that the respective value returns to its
nominal value.

11. The device according to claim 10, wherein the pro-
vision of information on how to control the industrial
process such that the respective value returns to its nominal
value comprises information on which of the components of
the industrial process should be controlled and which control
signals should be applied to the respective component for
said respective value to return to its nominal value.

12. The device according to claim 7, wherein the display
further is arranged to:

provide information regarding historical occurrence of the

selected state.

13. A non-transitory computer program product compris-
ing computer-executable components for causing a device to
perform the steps, when the computer-executable compo-
nents are run on a processing unit included in the device, of:

monitoring, with one or more measuring devices, a plu-

rality of values of at least one physical property of the
industrial process to be controlled;

determining, with the processing unit, whether the respec-

tive value of said at least one physical property deviates
from a nominal value;

displaying on a display screen, in chronological order,

current state of the at least one physical property over
time, which current state reflects the deviation of the
respective value from the nominal value;

providing on the display screen, when a user selects one

of the current states, detailed information pertaining to
the selected state; and

controlling, with the processing unit, the industrial pro-

cess on the basis of the detailed information.
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14. The method according to claim 1, wherein the step of
displaying comprises displaying how frequently an alarm
occurs.

10



